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論 文 内 容 の 要 旨 
In this thesis, lotus-type porous Fe-25 wt.%Cr, Fe-23 wt.%Cr-2 wt.%Mo Ni-free alloys and type AISI 446 
stainless steel with approximately 0.3% Ni were fabricated by continuous zone melting technique in pressurized 
hydrogen and helium gas.  The porosity of the samples varied in the range 44-48% and the mean pore size 
values obtained (150-370μm) were in the biomedical field desired range.  The fabricated lotus-type porous 
nickel-free stainless steels were nitrided at high temperature up to the nitrogen concentration of 1.0 wt.% and 
this amount resulted to be sufficient for maintaining almost single phase austenitic structure at room 
temperature. 
The localized corrosion resistance of the investigated high nitrogen Ni-free stainless steels, measured as 
pitting potential, Eb, resulted to be higher than that of type 316L stainless steel.  Polarization resistance 
indicates that the corrosion rate of lotus-type porous high nitrogen Ni-free stainless steels is an order of 
magnitude lower than that of lotus-type porous 316L stainless steel in acidic environment.  On the other hand, 
lotus-type porous Ni-free stainless steels showed a quite low metal ion release in simulated body fluids (SBF).  
Furthermore, cell culture studies showed that the fabricated materials were non-cytotoxic to murine osteoblasts 
cell line.  Finally, after 12 weeks implantation no biocompatibility problems were caused by the fabricated 
lotus-type porous Ni-free austenitic stainless steel in the Sprague-Dawley rats. 
The combination of very small magnetic susceptibility, light weight, Young’s modulus and compressive 
strength close to the human cortical bone, excellent corrosion resistance in acidic solutions as well as in 
simulated body fluids solutions, together with the cytocompatibility and non-cytotoxicity makes this lotus-type 
porous Fe-Cr-N alloys very attractive for bone implant applications. 
The thesis was organized into ten chapters as follows : 
Chapter 1 is an introduction to the subject and outlines the need and the scope of this investigation.  Chapter 
2 briefly reviews the state of the art of the fabrication techniques of high nitrogen stainless steels as well as some 
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theoretical concepts needed to develop this research.  Chapter 3 reports on the experimental procedure and 
techniques for the fabrication and physical and mechanical characterization of the investigated materials.  
Chapter 4 presents the results and discussion of the electrochemical performance of the fabricated lotus-type 
porous Ni-free stainless steels in acidic chloride media.  In chapter 5 is described the in vitro electrochemical 
biocompatibility evaluation using simulated body fluids.  Chapter 6 presents the results of the potentiodynamic 
study in the presence of murine fibroblasts.  In Chapter 7 the results of the in vitro biocompatibility evaluation 
using murine osteoblasts are presented.  Chapter 8 presents the findings of the ICP-MS study of metal ion 
release.  Chapter 9 provides the results of the in vivo biocompatibility evaluation in a rat model.  Finally, 
Chapter 10 summarizes the conclusions. 








⑵SQUID 磁力計法により測定したロータス型ポーラス Ni フリーステンレス鋼の帯磁率は非常に小さく MRI 断層
撮影においても問題を生ずることがないことを明らかにしている。 
⑶Ni フリーステンレス鋼の耐局部腐食性は AISI 316L ステンレス鋼より高いことを見出している。すなわち、ロ






⑹12 週間のラット実験により、ロータス型ポーラス Ni フリーステンレス鋼のインプラントは高い生体適合性を有
していることを見出している。また、長骨方向に対して気孔の伸び方向が平行な場合、骨がより成長しやすいこ
とを見出し、骨とインプラント界面でのせん断応力は他の方向に埋め込んだ場合と比較して高い値を示している。 
 以上のように、本論文はロータス型ポーラス Ni フリーステンレス鋼の生体適合性を系統的に調べ生体医療用材料
への適用可能性に関する多くの知見を含んでおり材料工学の発展に寄与するところが大きい。 
 よって本論文は博士論文として価値あるものと認める。 
